A single light trap in southern Georgia, USA, operated 29 times for two consecutive days over a 13-month period, captured almost 12,000 moths in six body length categories. Increasing size of moths was related to decreasing number of individuals captured. The smallest moths were the most frequently captured from late spring to early fall, and the least frequently captured at other times of the year. The smallest size (<6 mm) showed capture values widely divergent through time, whereas the intermediate category (11-15 mm and 16-20 mm) size values were the least divergent through time, suggesting that the smallest sized moths were the group most affected by environmental variables. The largest size categories, 21-25 mm and 26-30 mm, represented less than four percent of the total captures and were most frequently captured during the coldest temperatures and during rain. Environmental conditions the six days prior to trap operation were not consistently similar to those conditions prevailing during trap operation and in some cases did affect trap captures. Maximum temperature during trap operation was the best single explanatory variable for the occurrence of all captured moths, whereas minimum temperatures during trap operation was the best explanatory variable for the smallest size class, and rain prior to trap operation was the best single explanatory variable for the intermediate size classes.
Humans have been watching insects attracted to light since at least the acquisition of fire. Since then, although many refinements have occurred in man's production of light, humans are still attempting to understand the factors associated with the attraction of insects to light. One part of that attempt has been the use of light traps to capture nocturnal insects, with an accumulating extensive research literature examining the reasons insects are attracted to light and under what conditions capture occurs (Hienton 1974) . More recent investigations have studied the attractive properties of light (Eguchi et al. 1982) , the types of insects attracted to light (Muirhead-Thomson 1991) , and the effects of numerous factors on the capture of insects, particularly moths, at light traps. Such variables have included trap type and location (Hartstack 1979) , habitat (Butler et al. 1999) , season (Taylor 1986) , yearly characteristics (White 1991) , latitude (Bowden 1984) , temperature (Dreisig 1986) , relative humidity (Mizutani 1984) , and the amount of moon illumination (Nowinszky et al. 1979) , rainfall (Tucker 1983) , and wind (McGeachie 1989) .
In all of these studies mentioned, what has not explicitly been examined is the role of insect size as it relates to capture frequency and the influence of environmental factors. Believing, as Calder (1984) has stated, that "any biological study must first consider size as the most significant characteristic of an animal", my first project involving populations of nocturnal moths was to examine the effect of various environmental variables on different sizes of moths captured at light traps. The following study, using a single light trap, attempts to determine the relationship between nine environmental factors, occurring before and during trap operation, and the size of the captured moth.
MATERIALS AND METHODS
The collection site was located in Tifton, Tift Co., GA, one mile from the University of Georgia Coastal Plain Experiment Station.
The light trap was an omnidirectional, gravity-type trap with four vertical baffles that surrounded a 15-W black light lamp and was mounted vertically 5 feet above ground over a 30 cm diameter funnel to which was attached a collecting can containing different sized mesh separating screens. The trap was located at the interface of a 1-acre secondgrowth woodland and a 1-acre pecan plantation with a mowed grass floor. The site was surrounded by an established (>20 yr) residential neighborhood with large lots, many mature trees, streams nearby, and minimal vehicular traffic. Nine environmental variables that might affect the capture of moths at a light trap were recorded during trap operation and the preceding six days and included: 1) temperature ( 0 C) -minimum and maximum, (2) rainfall (cm) -total amount in period, (3) wind (meters/sec.) -mean daily, (4) moon phase (0 = new, 1/4, 1/2, 3/4, 1 = full). Temperature values were obtained on-site with a maximum-minimum thermometer, rainfall and wind values were obtained from the adjacent experiment station official weather records, and moon phases were calculated from a local almanac. The six day period preceding a light trap sampling period represents the shortest interval in the entire study between consecutive sampling periods and thus was chosen as the standard interval of analysis before all sampling periods.
The light-trap was operated approximately every two weeks from 2 hours before sunset to 1 hour after sunrise for two consecutive nights, for a total of 29 sample periods beginning 28 March 1981 and ending 7 May 1982. The contents of the trap container were bagged and frozen each morning, for subsequent processing. Later, after thawing and sorting, each moth was placed against a marked scale to determine its body length and its placement in one of six size categories (all in mm): <6, 6-10, 11-15, 16-20, 21-25, 26-30 . Data from the two consecutive nights of trap operation were combined into one sample, with subsequent entry into an IBM main-frame and analysis by SAS GLM procedures.
RESULTS
From 28 March 1981 to 7 May 1982, 11,987 moths were captured during 29 sampling periods. Arranged by size categories, decreasing size was related to increasing numbers of individuals captured (Table 1) . Combining the 29 sampling periods into 15 composite periods (Table 2) shows that the smallest size moth was the most frequently collected from mid-May to early September and then again from the following mid-April to early May. Members of this size class were some of the least frequently collected at other times of the year. Table 3 examines within a size category the amount of variability in the mean number of captures through time, expressed as a ratio of the lowest value to the highest value. The 15 composite periods show that the 16-20 mm size category has mean capture values with the smallest difference between the lowest and the highest values through the entire 13-month period, with the <6 mm size category showing mean capture values widely divergent through time.
Nine environmental variables were monitored during the 13-month sampling period. Table 4 indicates that environmental conditions the six days prior to trap operation were sometimes substantially different from days when the light trap was operating. For the entire 13-month period, minimum temperatures were lower and total rainfall was greater prior to trap operation, whereas maximum temperatures and daily wind were about the same during and before trap operation. Considering the entire 13-month period, only some of the nine environmental variables were significantly correlated. In a 9×9 paired correlation matrix yielding 36 possible correlations, there are 6 positive and 6 negative correlations that are statistically significant (Table 5) .
Minimum temperatures during trap operation are significantly correlated with maximum temperatures (positive) and wind (negative) during the same period, and with minimum and maximum temperatures (positive) during the prior six days. Maximum temperatures during trap operation are significantly correlated with wind (negative) during the same period and with minimum and maximum temperatures (positive) and rain (negative) during the prior six days. Minimum temperatures during the six days prior to trap operation are significantly correlated with maximum temperatures (positive) and with wind and rain (negative) during the same period. Maximum temperatures during the six days prior to trap operation are significantly correlated (negative) with wind during trap operation.
An attempt to determine by stepwise regression the best explanatory model for the occurrence during the entire 13-month sampling period of all moth size classes indicated that maximum temperatures during trap operation was the best single explanatory variable (Table  6 ). Adding moon phase produced the best two-variable model and adding the rain variable during trap operation produced the best three-variable model. For the various size classes, the best explanatory model using only one variable was minimum temperatures during trap operation for the <6 mm class, maximum temperatures during trap operation for the 6-10, 21-25, and 26-30 mm size classes, and rain during the prior six days for the 11-15 and 16-20 mm size classes (Table 6 ).
DISCUSSION
Methodology considerations. Body mass or body volume values are commonly used in studies of animal assemblages (Blackburn et al. 1993; Siemann et al. 1999) . In the present study, body length, rather than body mass values, was obtained for the captured moths. Attempting to weigh each moth, besides being more time consuming, would have introduced considerable variation due to the different states of dehydration present in samples. It has been demonstrated with other organisms that "linear measurements, having lower coefficients of variation, were preferable over use of body mass to express size" (Rising & Somers 1989) . Body length is typically used in research as a measure of size in most winged insects, with Lepidoptera as the principle exception (e.g. Novotny & Kindlmann 1996) . In Lepidoptera studies, body length is typically not considered an adequate measure of organism size; wing length (e.g. Summerville et al. 2006) or wing span (e.g. Nieminen et al. 1999 ) is the preferred metric. Support for this view was provided by Miller (1977) , who within a single family of Lepidoptera demonstrated that forewing length was a good substitute for biomass as a size index. As documented by Greenewalt (1962) , Yela & Holyoak 1997) . In simple terms, the brighter the moon illumination, the less visible to moths is light from a trap, leading to reduced numbers of captures. In the present study, the amount of moon illumination was not correlated with any of the other environmental variables (Table 5 ). Moon illumination, however, did become a 2 nd order variable in explanatory models for numbers of moths captured (Table 6) .
Rain. Because sample nights were chosen based on the likelihood of no rain, it is not surprising that during the sampling periods there were no significant correlations between rain and other environmental variables or numbers and sizes of moths captured. The well-known depressive effect of rainfall on ambient temperature (Rosenberg et al. 1983 ) is confirmed in this study, as the occurrence of rain in the six days prior to sampling periods was significantly correlated (negative) with the minimum temperature during that period and with the maximum temperature of the subsequent sampling period (Table 5) . In explanatory models for sizes and numbers of moths captured, rain was a 3 rd order variable for the entire set of captures and a 1 st order variable for several size classes (Table 6) .
Wind. Both during and before the moth sampling periods, wind was significantly correlated (negative) with minimum and maximum temperatures (Table 5) . Wind would be expected to lower temperatures, due both to increased evaporative cooling and the association with changing weather conditions. Given that the trap location was in a reasonably protected location, wind would not be expected to have a significant impact on numbers of moths captured. The location of the wind-monitoring equipment at the nearby Experiment Station, however, was in a more exposed location, producing wind values that when applied to the trap location, over-emphasized the potential impact of wind. Although wind was not a 1st order variable in explanatory models for numbers and sizes of moths captured, it was a 2 nd or 3 rd order variable in several specific size models (Table 6 ). Temperature. Minimum temperatures before and during sampling periods were significantly correlated with maximum temperatures before and during sampling periods, as well as with wind and rain (Table  5) . Moth activity occurred throughout the range of observed temperatures (4 to 38 0 C), though the extremes of temperature may have inhibited flight somewhat. Minimum temperatures during the sampling periods were a 1 st order explanatory variable only for the smallest (<6 mm) size class. This was not unexpected, given that a small object has more surface area for its volume than a larger one, leading to the smaller object losing heat faster (Calder 1984) . Thus the smallest moths were most likely to not be flying at the lowest temperatures. Although there are some small winteractive moths that can fly continuously at ambient temperatures of 5 0 C (Heinrich 1987) , they are uncommon and do not occur in Georgia (Schweitzer 1974) .
Body size. At the start of this study, it was thought that the use of body length rather than wing length or wing span as a measure of moth size would probably have an effect on the relative importance of temperature; that is, body length would probably be more sensitive to variables affecting body metabolism, such as temperature. It is well established that there is minimal heat transfer to and from the wings and the body of lepidopterans (Kammer & Brachi 1973) , indicating the key role of the body in both generating heat necessary for body functions and as the primary portion of the complete organism most affected by environmental temperature. If wing length or wing span had been used as the size metric, rather than body length, the results of this study would probably have been different. Small moths tend to have relatively larger wings than large moths, primarily due to their difficulty in maintaining sufficiently high thoracic temperatures necessary for flight; larger wings compensate for smaller mass (i.e., low wing-loading) and allow flight at the necessarily lower thoracic temperature (Bartholomew & Heinrich 1973) .
The size distribution illustrated by Table 1 decreasing abundance as individual size increases-is the same pattern found in many animal assemblages (e.g., Blackburn et al. 1993) . What is not typically seen is the relation of size to temperature. Minimum temperature during sampling periods best explains the occurrence of the smallest moths, and maximum temperatures during sampling periods best explains the occurrence of the largest moths, but temperature has no explanatory value for the occurrence of the intermediate-sized moths (Table 6 ). The effect of temperature may also be involved in the variability of (Table 3 ). This suggests that the intermediate-sized moths have, through time, a relatively constant population size, and/or a population relatively unaffected by changes in the various environmental conditions that were monitored. The order-of-magnitude difference in capture number variability between the smallest-sized (<6 mm) moths and all other sized moths (Table 3) suggests that the smallest-sized moths are more affected by environmental variables than any of the other sizes. Does this study indicate that there is an optimal size for "successful" moths at this location? Yes and no. If success is defined as the largest population, then the smallest moths are the optimal size. If success is defined as the most stable population through time, and thus perhaps the group least affected by environmental variables, then the intermediate-sized moths are the optimal size.
When the six size categories are consolidated into three, and a plot is created of sampling period versus percentage of the size class in each sampling period (Fig. 1) , the smallest moths are most abundant in the warmer periods of the year and the intermediate-sized moths are most abundant in the cooler periods. The largest size class never exceeded 12 percent of the total moths captured in any period, whereas the smallest size class peaked at 91 percent and the intermediate size class peaked at 74 percent. Figure 1 also illustrates the impact that rain can have on the capture of moths in a light trap, and on the subsequent analyses. Although there was a deliberate attempt to avoid sampling periods in which rain might occur, this was not possible for the 31 July-2 August period. The occurrence of rain both before and during that sampling period depressed the capture frequency of the smallest-sized moths and increased that of the intermediate-sized moths (Fig. 1) . These two periods were sufficiently important in the entire 13 month study for rain to become the most important parameter in the explanatory models for the two intermediate-size categories (Table 6 ).
In general, the results of this study are compatible with the pioneering study in England of C.B. Williams (1940) , who demonstrated that temperature in winter (November to April) was the most important factor affecting insect capture (of all sizes) at light traps, and that rainfall in summer (May to October) was the most important factor. Other trends demonstrated by numerous studies (e.g., McGeachie 1989) are also supported, to include (1) increases in mean illumination and mean wind speed are associated with a decreased light-trap catch of moths (of all sizes), and (2) increases in mean temperature are associated with an increased catch.
Without knowledge of each species and its relevant biology included in this assemblage, it is merely conjecture to outline the relationships between various environmental parameters and the individual size of groups of moths captured. This study, though not specifically addressing the metabolic characteristics of the various sizes of moths captured, does support the general conclusion that the smallest sized moths would be most affected by environmental temperatures lower than about 30 0 C, and that there may be an optimum size of moth best suited for a particular set of environmental variables (Heinrich 1993 
